Excess of micrococcal nuclease may harm the exogenous mRNA in the mRNA-dependent rabbit reticulocyte cell-free system  by Neeleman, Lyda & Van Vloten-Doting, Lous
Volume 95, number 1 FEBS LETTERS November 1978 
EXCESS OF MICROCOCCAL NUCLEASE MAY HARM THE EXOGENOUS mRNA IN THE 
mRNA-DEPENDENT RABBIT RETICULOCYTE CELL-FREE SYSTEM 
Lyda NEELEMAN and Lous VAN VLOTEN-DOTING 
Department of Biochemistry, State University, PO Box 9505, 2300 RA Leiden, The Netherlands 
Received 1 September 1978 
1. Introduction 
The mRNA-dependent rabbit reticulocyte cell-free 
system [l] has been found useful for the study of 
in vitro translation of several mRNAs ([l-3], Van To1 
and L.v.V.-D., submitted). We chose this system to 
produce c(g amounts of the gene products of the 
tripartite genome of alfalfa mosaic virus (AMV) [4]. 
One of the problems encountered when scaling up the 
in vitro protein synthesis was the large amount of 
relatively expensive micrococcal nuclease required 
according to the procedures in [l-3]. 
We report here that on a weight basis the concen- 
tration of micrococcal nuclease can be substantially 
reduced without affecting the proper inactivation of 
endogenous mRNA. Moreover, we show that the use 
of high concentrations of micrococcal nuclease may 
cause the production of shorter peptide chains. 
2. Materials and methods 
2.1. Preparation of mRiVAs 
RNA was obtained from the purified nucleoprotein 
components as in [ 5,6]. 
2.2. Preparation of the mRNA_dependent rabbit 
reticulocyte lysate 
Rabbits were made anaemic using N-acetylphenyl- 
hydrazine and the reticulocyte lysate was prepared 
and fractionated as in [7]. Fractions were stored at 
-8O’C. Before use each fraction (0.4 ml) was pre- 
treated for 10 min at 20°C with: 6 ~1 1 mM hemin in 
90% ethylene glycol, containing 50 mM Tris-HCl 
(pH 8.0); 4 ~1 5 mg/ml creatine kinase; 10 ~10.5 M 
creatine phosphate; 30 ~10.5 mM each of the 
19 unlabeled amino acids; 5 /.d 100 mM CaCl,; micro- 
coccal nuclease (EC 3.1.4.7, Boehringer) as indicated 
in the figure legends in 35 d HzO. The activity of the 
micrococcal nuclease was inhibited by the addition 
at 0°C of 10 fill00 mM of ethylene-glycol-bis(2-amino- 
ethyl ether)N,N’-te’traacetic acid (EGTA). 
2.3. In vitro protein synthesis 
Incubation mixtures (35 /_d) contained: 68% (v/v) 
pretreated lysate; 70 mM KCl; 0.2 mM spermidine; 
from0.2 -0.5 &i L.[3sS]methionine;25 pg/mlwheat 
germ tRNAs [7] and 10 E.cg of the indicated mRNA. 
Incubation was for 2 h at 30°C. 
Half of the sample was used for determination of 
total incorporation by trichloroacetic acid precipita- 
tion, after decoloration of the sample with 1.5 ml 
0.17 M HZOz in 0.35 M NaOH for 5 min at 90°C. 
The precipitate was collected by filtration of 
Whatman GF/C glass filter, washed and counted. 
Half of the sample was used for the analysis of the 
nature of the translation products by electrophoresis 
on 11% or 15% polyacrylamide-0.1% SDS slab gels 
together with protein markers as in [8], followed by 
fluorography [9]. 
3. Results and discussion 
3 .l . Concentration curve of micrococcal nuclease 
Figure 1 shows the ffect of pretreatment of the 
rabbit reticulocyte lysate with different concentra- 
tions of micrococcal nuclease on the endogenous 
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Fig.1. Effect of pretreatment of a reticulocyte lysate with increasing concentrations of micrococcal nuclease on the endogenous 
protein synthesis. (A) Amino acid incorporation,(B) Product analysis: (a) 0; (b) 6; (c) 12; (d) 24; (e) 48; (f) 72; (g) 120; (h) 180; 
(i) 240; (i) 300; (k) 360; (1) 480; and (m) 600 units micrococcal nuclease/ml. 
protein synthesis. It is evident hat pretreatment of
the lysate with 50-75 units/ml is sufficient o make 
the protein synthesis dependent on the addition of 
mRNA. The same result was obtained with several 
batches of lysates and two batches of nuclease. 
In the literature concerning the mRNA-dependent 
rabbit reticulocyte system the use of a final concen- 
tration of 10 [l] or 70 [2] I.cg enzyme/ml was 
reported. 
However, the units enzymelmg protein were not 
given. Since our batches contained 15 000 and 
30 000 units enzyme/mg, 60 units enzyme/ml corre- 
sponds to 2 or 4 pg protein/ml. 
3.2. Effect of the concentration of micrococcal 
nuclease on the in vitro translation products 
All four AMV-RNAs were translated in lysates 
pretreated with either 60 units or 600 units micro- 
coccal nuclease/ml. These pretreatments did not 
influence the amount of methionine incorporation. 
The patterns of the products directed by AMV-RNA 
1,2 and 4 in the two mixtures were identical (fig.2). 
However, comparison of the products directed by 
AMV-RNA 3 showed that the 33 000 protein, which 
was always formed in lysates pretreated with 600 units 
nucleaselml, (Van To1 and L.v.V.-D., submitted) was 
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not formed in lysates pretreated with a low amount 
of nuclease. To see if this difference was due indeed 
to the nuclease, AMV-RNA 3 was translated in 
lysates pretreated with increasing amounts of nuclease. 
From fig3A it is evident hat increasing the concen- 
tration of micrococcal nuclease results in the forma- 
tion of increasing amounts of faster migrating pro- 
ducts, especially of a 33 000 protein. 
The difference in the products can be due either 
to degradation of the mRNA by nucleases or to 
degradation of the product by proteases eventually 
present in the nuclease preparation. To investigate 
the latter possibility AMV-RNA 3 was translated in a 
lysate pretreated with 30 units/ml micrococcal 
nuclase and the product was incubated with increasing 
amounts of nuclease. Since this treatment had no 
effect on the size of products (fig3B) it seems 
unlikely that a proteolytic activity is responsible for 
the appearance of the faster migrating products. We 
do not know whether the apparent nucleolytic activity 
in the presence of EGTA is due to traces of Cap- 
independent ucleases present in the enzyme prep- 
aration or to a low level of activity of the micro- 
coccal nuclease itself. 
The fact that the translation products were 
influenced by the concentration of micrococcal 
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Fig.2. Translation products directed by AMV-RNAs in 
lysates pretreated with 60 (a, b, c) or with 600 units micro- 
coccal nuclease/ml (e, f, g). (a, d) Products directed by 
AMV-RNA 1; (b, e) products directed by AMV-RNA 2; 
(c, f) products directed by AMV-RNA 4. Lanes (a, b, c) and 
(d, e, f) are from separate slab gels. 
nuclease only in the case of AMV-RNA 3 suggests hat 
AMV-RNA 3 contains near the end of the 35 000 
cistron a site which is very sensitive for this particular 
nuclease . 
4. Conclusion 
Treatment of a rabbit reticulocyte lysate with 
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Fig.3. Effect of increasing concentrations of micrococcal 
nuclease on the products directed by AMV-RNA 3. (A) Effect 
of pretreatment of the lysate with: (a) 0; (b) 24; (c) 96; 
(d) 200;and (e) 600 units micrococcal nucleaselml. (B) Effect 
of treatment of the translation products directed by AMV- 
RNA 3 with a final concentration: (a) 20; (b) 44; (c) 106; 
(d) 190; and (e) 420 units nucleaselml. 
50-75 units micrococcal nuclease/ml is sufficient o 
make the protein synthesis dependent on addition of 
exogenous mRNA. Use of higher concentrations of
nuclease should be avoided, since this may lead to 
degradation of the exogenous mRNA. 
Acknowledgements 
We thank Dr J. Versteegh and Mr F. Leupe for 
help with the aenemic rabbits. We are grateful to 
John Bol and Gied Jaspars for critical reading of 
the manuscript. This work was sponsored in part by 
the Netherlands Foundation for Chemical Research 
(SON) with financial aid from the Netherlands 
Organization for the Advancement of Pure Research 
(ZWO). 
105 
Volume 95, number 1 FEBS LETTERS November 1978 
References 
[l] Pelham, H. R. B. and Jackson, R. J. (1976) Eur. 
J. Biochem. 67,247-256. 
[2] Benicourt, C., P&6, J. and Haenni, A. (1978) FEBS Lett. 
86,268-272. 
[3] Pelham, H. R. B. (1978) Nature 272,469-471. 
[4] Bol, J. F., Van Vloten-Doting, L. and Jaspars, E. M. J. 
(1971) Virology 46,73-85. 
[5] Rutgers, A. S. (1977) Thesis, University of Leiden. 
[6] Van Vloten-Doting, L., Rutgers, T., Neeleman, L. and 
Bosch, L. (1975) INSERM 47,233-242. 
[ 71 Neeleman, L. and Van Vloten-Doting, L. (1978) Methods 
Enzymol. 60, in press. 
[8] Laemmli, U. K. (1970) Nature 227,680-685. 
[ 91 Bonner, W. M. and Laskey, R. A. (1974) Eur. J. Biochem. 
46,83-88. 
106 
